The stannides RE 2 Ni 2 Sn (RE = Pr, Ho, Er, Tm) were synthesized by arc-melting of the elements and characterized by powder X-ray diffraction. Pr 2 Ni 2 Sn crystallizes with the orthorhombic W 2 B 2 Co-type structure, Immm, a = 443.8(1), b = 572.1(1), c = 855.1 (2) 
Introduction
The ternary rare earth (RE) compounds of the general composition RE 2 T 2 X (T = electron-rich transition metal; X = Mg, Zn, Cd, Al, Ga, In, Sn, Pb) crystallize with three different structure types, depending on the size of the atoms and the valence electron concentration (VEC): (i) the tetragonal Mo 2 B 2 Fe type, space group P4/mbm [1] (a ternary ordered version of the U 3 Si 2 structure), (ii) the orthorhombic Mn 2 B 2 Al type [2] , space group Cmmm, and (iii) the orthorhombic Co 2 B 2 W type [3] , space group Immm. Most representatives occur for the Mo 2 B 2 Fe type [4] . The common structural motif of these three structure types are transition metal-centered trigonal prisms. Exemplarily we present projections of the Pr 2 Ni 2 Sn, Er 2 Ni 2 Sn, and Er 2 Ni 2 Pb [5] structures in Fig. 1 .
Several series of the RE 2 T 2 X intermetallics show structural transitions as a function of the rare earth element (lanthanoid contraction) or the chemical composition. If the radii criteria do not match for a Mo 2 B 2 Fetype structural arrangement, superstructure formation with small distortions is possible. This has first been observed for the ternary stannides Er 2 Au 2 Sn [6] and U 2 Pt 2 Sn [7] . Other compounds show the formation of defects on the transition metal site, e. g. RE 2 Ni 2−x Cd [8, 9] and RE 2 Ni 2−x In [10] . In case of the indides, the phases with a nickel defect crystallize with the tetragonal Mo 2 B 2 Fe type, while those with the ideal composition adopt the orthorhombic Mn 2 B 2 Al structure. The cadmium compounds [9] crystallize with a tetragonal Mo 2 B 2 Fe type and an orthorhombic Mn 2 B 2 Al type, respectively, in the low-and the hightemperature modification. This phase transition is of reconstructive nature.
In continuation of our systematic studies of RE 2 T 2 X intermetallics we have recently investigated the RE 2 Ni 2 Sn series with the heavier rare earth elements. The representatives with the early rare earth elements [11 -32] 
Experimental

Synthesis
Starting materials for the syntheses of the RE 2 Ni 2 Sn stannides were sublimed pieces of the rare earth metals (Kelpin, Chempur, or smart elements, > 99.9 %), nickel wire (Alfa-Aesar, ∅ 1 mm, > 99.5 %), and tin granules (Merck, > 99.9 %). Pr 2 Ni 2 Sn was obtained by arc-melting [33] pieces of the three elements under an argon atmosphere of ca. 700 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. The arc-melted button was sealed in an evacuated silica tube and annealed at 1070 K for one week. Synthesis attempts for RE 2 [28] , Gd [30] , Dy [29] , and Lu [31] we used the starting compositions 42RE : 40Ni : 18Sn for the heavy rare earth elements. After arc-melting these samples we obtained the missing RE 2 Ni 2 Sn stannides. Only trace amounts of the RENiSn phases were evident. The RE 2 Ni 2 Sn stannides are air stable over months.
EDX data
Semiquantitative EDX analyses of the single crystals studied on the diffractometers were carried out in variable pressure mode with a Zeiss EVO ® MA10 scanning electron microscope with the rare earth trifluorides, nickel, and tin as standards. The experimentally observed average compositions were close to the ideal ones. No impurity elements were detected.
X-Ray diffraction
All polycrystalline RE 2 Ni 2 Sn samples were characterized by powder X-ray diffraction using the Guinier technique: imaging plate detector, Fujifilm BAS-1800, Cu K α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The lattice parameters (Table 1) were refined from the Guinier powder data using a standard least-squares routine. The experimental patterns were compared to calculated ones [34] in order to assure correct indexing.
Small single crystals of Pr 2 Ni 2 Sn were selected from the crushed annealed sample, while those of Ho 2 Ni 2 Sn, Er 2 Ni 2 Sn, and Tm 2 Ni 2 Sn were taken directly from the arcmelted samples. The crystals were glued to quartz fibers using beeswax and characterized on a Buerger camera (using white Mo radiation) to check their quality. The intensity data collection from suitable Pr 2 Ni 2 Sn, Er 2 Ni 2 Sn, and Tm 2 Ni 2 Sn crystals was performed on a Stoe IPDS-II image plate system (graphite-monochromatized Mo K α radiation; λ = 71.073 pm) in oscillation mode. The Ho 2 Ni 2 Sn data set was measured on a Stoe Stadi Vari diffractometer equipped with a Mo micro focus source and a Pilatus detection system and scaled subsequently according to the Gaussian-shaped profile of the X-ray source. Numerical absorption corrections were applied to all data sets. Details about the data collections and the crystallographic parameters are summarized in Table 2 . [36, 37] . Since the crystals of the RE 2 Ni 2 Sn stannides with the heavy rare earth elements were taken from samples of the starting compositions 42RE : 40Ni : 18Sn, the occupancy parameters were refined in separate series of least-squares cycles for all data sets. All sites were fully occupied within two 
Structure refinements
Discussion
The series of RE 2 Ni 2 Sn stannides has been completed with the synthesis of the members with praseodymium, holmium, erbium, and thulium as rare earth elements. Our own phase-analytical studies gave no hint for the formation of a corresponding lanthanum compound. This is in full agreement with the phase analytical studies of Zhuang et al. [38] . Also no such compounds form with europium and ytterbium, since these two elements prefer divalent oxidation states. The course of the unit cell volumes is presented in Fig. 2 [1] structure. This structural transition has drastic influences on the near-neighbor coordination of the atoms. The coordination polyhedra for Pr 2 Ni 2 Sn and Er 2 Ni 2 Sn are presented in Fig. 3 . If one considers only the nickel-tin coordination (these atoms have the shortest distances to the rare earth elements), Pr 2 Ni 2 Sn shows coordination of Pr by 249 pm in fcc nickel [39] . Each nickel atom coordinates to two tin atoms, leading to the [Ni 2 Sn] substructures with four-, five-, and six-membered rings as presented in Fig. 4 . The tin atoms have squareplanar SnNi 4 coordination with Ni-Sn distances of 289 pm in Er 2 Ni 2 Sn, but a planar SnNi 4 rectangle in Pr 2 Ni 2 Sn with a distance of 275 pm for Ni-Sn. These Ni-Sn distances are all significantly longer than the sum of the covalent radii of 255 pm [40] . Especially for Er 2 Ni 2 Sn the Ni-Sn bonding is weak and will not significantly contribute to the overall stability of the structure. Nevertheless, this weakness (in comparison with Pr 2 Ni 2 Sn) is compensated by short Er-Ni distances of 278 and 284 pm, close to the sum of the covalent radii of 272 pm [40] .
A [4] for the latter type. Both structure types have flexibility for the geometry within the planar polyanionic layers, accounting for the difference in size and electronegativity, as is evident from electronic structure calculations on Ca 2 Pt 2 Cd [44] and Ca 2 Cu 2 Ga [46] .
Similar to the series of equiatomic stannides RENiSn [47] , REPdSn [48] , REAgSn [49] , and REPtSn [50] , one might think of high-temperature or high-pressure modifications for those rare earth elements, where the transition in structure type takes place. Careful inspection of the Guinier powder diagrams of the melted and quenched Ho 2 Ni 2 Sn samples gave no hint for a W 2 B 2 Co-type high-temperature modification. We have therefore planned high-pressure high-temperature studies on Dy 2 Ni 2 Sn, expecting to find a Mo 2 B 2 Fe-type high-pressure modification. Since the whole RE 2 Ni 2 Sn series has the same VEC, the switch in structure types is most likely driven by the course of the lanthanoid contraction.
